The design of radio frequency (RF) 
INTRODUCTION
In recent years, energy harvesting has been the focus of many research and development. For example, different types of source like piezoelectric, RF source or solar energy can be harvested and convert into useful DC power [1] . As the RF energy is available everywhere and anytime, this is the very reason why RF source has been very attractive. Therefore, it can either reduce or eliminate the low power integrated circuits that have wired power sources [2] . In this paper, a novel antenna array is proposed. The antenna will detect the radio frequency and will convert the electromagnetic wave into voltage response. Due to the amount of RF ambient sources been captured is extremely low, the output of the single patch antenna does not provide sufficient energy [3] to use in any application. Hence, these works were focused on design, simulate and measured of antenna array to capture electromagnetic energy from RF sources that have been radiated by the communication system in the range of 500MHz and 10GHz [4] . The momentum simulation method in ADS2008 was used to simulate and design for single element and antenna array [5] .
II. MATERIAL AND METHOD OF DESIGN
This section presents the material and design method of using 2x1 array circular planar spiral inductor that will use to harvest RF power. The PCB board used in this design is Duroid 4003 from Roger corps with the dielectric constant ε r = 3.38, loss tangent of 0.0027, thickness of the ground layer is 0.035mm and the parameter of the circular spiral inductor is given in Table 1 . The proposed antenna array was excited by 50 ohm microstrip feeder. 
III. MODELING AND EQUATIONS
Lumped element inductors such as spiral inductor are key techniques for reducing monolithic microwave integrated circuit (MMIC) chip area. Inductors used as such circuit components, play a significant role in the realization of compact integrated chips, resulting in more chips per wafer and thus, lower cost. The model aims to design the value of RLC lumped elements as described in Fig. 3 below. [7] where h is substrate height, ε eff = effective dielectric constant, Z cm is the impedance of microstrip line, c is the velocity of light and l eq corresponds to the inductance of width W s of the microstrip line [8] and lastly B m = ωC l . , where
Inductance, L The circular spiral inductor represents the lumped element of the RLC. The amount of magnetic energy storage is represented by an inductor L [9] given in (3) as
where  is the magnetic permeability of the copper traces, N is the total of turns, d avg is given in (4) as
The parameter ρ is the fill ratio as given in (5) will tend to became one if the turns fill all the areas of the inductor but will tend to zero if the turns are concentrated close to the external perimeter.
3.2
Resistance, R The series resistance of the model is independent of the frequency and is described by the Ohm's Law. The expression of the series resistance is given in (6) 
3.3
Capacitance, C Parallel capacitor is very important in the RLC lumped element. This component will determine the self-resonance frequency of the inductor. In order to obtain the C T = C sub + C air , the capacitance between adjacent tracks and the substrate, the air can be express as [10] 
IV. RESULTS
The simulation and experiment outcome is described in this section. The return loss of the single element and 2x1 antenna array is -9.42 dB and -31.372dB respectively when the resonance frequency is at 527MHz. The resonance frequency can be determined using the formula as stated in Equation 9 . Once the gain of the antenna is increased, the energy that collected in terms of voltage response will be enhanced. The Figure 7 shows the comparison measurement results between the two antennas. Harvester's voltage response to different input power From the graph above, it can show that if the spiral inductor is designed in a large scale array, for example, 2x1 array or 4x1 array, the energy that the captured by the spiral inductor will be increase and can be used to store in rechargeable battery.
V. CONCLUSION
In this paper, study of antenna array for RF energy harvesting has been made and good high gain performance was obtained compared to the single element antenna. It is confirmed that with more antenna array [11] , the gain will be increasing and subsequently increase in voltage response. In all, there is a good agreement between the simulated, modelled and measured results.
